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In view of the emphasis placed on bacterial endotoxemia in the genesis of ir- 
reversible shock (1, 2), it was felt that some effort should be made to corrobo- 
rate the presence of such biologically active materials by methods other than 
the passive transfer of lethality (3).  Bacterial endotoxins are known to exert 
distinctive biological effects in relation to  the  hemorrhagic skin reaction re- 
ferred to as the dermal Shwartzman phenomenon (4), and to the systemic re- 
action to two spaced injections, the generalized Shwartzman phenomenon (5). 
Thomas (6)  has shown that bacterial endotoxins in combination with intra- 
dermal epinephrine also produce a  hemorrhagic skin reaction which is fairly 
specific  for such materials. The advantage of the epinephrine-accelerated re- 
action, aside from its rapid course (4 to 5 hours, as contrasted with 24 to 36 
hours for the dermal Shwartzman phenomenon), is its unusual sensitivity. When 
rabbits are inoculated intradermaUy with 100 #g of epinephrine, as little as 1 
/~g of bacterial endotoxin intravenously will result in a hemorrhagic skin reac- 
tion. Thus, the epinephrine model, in particular, should be sensitive enough to 
detect the presence of circulating endotoxin in situations where blood levels 
are sufficient upon passive transfer to cause death in recipient animals. 
As will be evident, we were unable to demonstrate the presence of endotoxin 
in the blood of shocked animals with any of the above biological test systems. 
The lethal properties of blood from donors in the irreversible phase of hemor- 
rhagic  shock were  apparently not related  to  the  endotoxic activity of such 
samples. 
Material and Metkods 
Male and female albino rabbits  (New Zealand strain)  weighing between 1 and 2 kg were 
used in the current experiments. The animals were kept on a Purina pellet diet supplemented 
with fresh vegetables for at least  1 week prior to the experimental procedure. 
* This work was supported by a grant from the United States Public Health Service (H- 
2267)  and the Health Research Council of the City of New York under Contract 1-141. 
:~ New York City Investigator. 
195 196  ENDOTOXIC  ACTIVITY O]? SHOCK  BLOOD 
Varying degrees of shock were produced by graded hemorrhage following anesthesia with 
pentobarbital  (20 mg/kg).  Special precautions were adhered  to in order to avoid bacterial 
contamination of exposed  wounds or of the apparatus  used. The bleedout equipment,  can- 
nulae, and tubing were cold-sterilized with zephiran and then thoroughly washed in isotonic 
pyrogen-free saline. 
The rabbits were allowed to bleed through a  cannula in the carotid artery into a  saline- 
filled, calibrated reservoir, against a pressure controlled by lowering or raising the height of 
the fluid level in the reservoir. The entire system was heparinized with 300  ~y.s.P. units of 
heparin  (Liquaemin, Organon, Inc., West Orange, New Jersey). 
Hemorrhagic shock was induced by small bleedings at 10 minute intervals over a period of 
about  1 hour until the desired blood pressure was reached.  From 5  to  10 per cent of body 
weight was bled in order to achieve blood pressures of 35  to 40 mm I-Ig. Zero time in the 
induction of shock was taken to be the point at which the final hypotensive level was reached. 
The blood in the reservoir was returned to the rabbit following a predetermined period of 
hypotension,  the infusion requiring on the average about 30 minutes. The carotid cannula 
was left undisturbed and 2 hours later blood was removed for testing. The blood samples were 
drawn into sterile, pyrogen-free 30 ml syringes.  In selected instances,  the volume of blood 
withdrawn was replaced with an equivalent amount of fresh blood. The neck wounds were 
closed  and the rabbits were returned to their cages. 
Recipient animals were specially prepared for testing the lethality of the blood samples as 
follows: They were bled as above until the blood pressure fell to 40 mm Hg and maintained 
at this level for  1 hour.  The rabbits  were then transfused  with 20 to 30 ml of blood from 
shocked  donors  together  with  their own blood in the bleedout  reservoir until  the amount 
originally removed had been fully replaced. 
Salmonella enterCtidis and  Escherichia coli endotoxins  were  prepared  according  to  the 
method of Landy and Johnson (7) by the Difco Laboratories, Detroit. Adrenalin chloride in 
ampoules of 1:1000 (Parke, Davis and Co., Detroit) was used to accelerate dermal lesions as 
indicated in particular sections. 
EXPF.RIM~NTAL  FINDINGS 
I. Lethality of Blood from Donors in Shock 
As a  frame of reference,  tests  were made on  the lethal properties  of blood  taken 
from rabbits  exposed  to hemorrhagic shock of increasing severity. In each instance, 
the blood was tested on recipients which had been sensitized by the method reported 
by Fine and coworkers (8). Lethality was recorded on the basis of a  24 hour survival 
period. 
As  indicated  in  Table  I,  blood  taken  from  rabbits  during  the  irreversible phase 
(group A) killed 100 per cent of the primed recipients. Less drastic hypotension gave 
corresponding results--in group B  the bloods were 75 per cent lethal, and in group C 
no  transferable  lethal  factor  was  encountered.  Blood  from  the  so  called  "prepared 
recipients" and from normal controls was uniformly negative. 
II. In Situ Tests for Endotoxin during Hemorrhagic  Shock 
1.  Generalized  Shwartzman Reaction (GSR).--If the thesis is correct that a bacterial 
endotoxemia develops during  the  induction  of severe shock,  such  animals  should  in 
fact be similar to those which have received the first of two intravenous injections of 
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14  to  18 hours to dapse between injections, the shock episode for this experiment 
should not by itself be fatal. For this purpose, a  2 hour period of hypotension with 
the blood pressure at 40 mm Hg was selected.  Only 25 per cent of these rabbits die 
following  blood  replacement. 
TABLE I 
Lethality  of Shock Blood upon Passive  Transfer  to Hemorrhage-primed  Rabbits 
Blood donors  Amount injected  Recipient deaths* 
m/ 
Group A (35 mm Hg, 3 hrs.)  20  4/4 
Group B (40 mm Hg, 3 hrs.)  20  3/4 
Group C (40 mm Hg, 2 hrs.)  20  0/4 
* Recipients had been bled and kept at 40 mm Hg for 1 hour before receiving test blood 
sample as part of blood replacement measure. 
TABLE II 
Tests for Endotoxic  Activity in Rabbits Subjected  to Hemorrhagic Shock 
Priming agent  Provocative agent*  Positive 
reactions 
Generalized Shwartzman: 
40 mm Hg, 2 hrs.~ 
40 mm Hg, 2 hrs. 
Dermal  Shwartzman: 
100 tzg S. enteritidis  endotoxin 
35 mm Hg, 3 hrs. 
35 mm Hg, 3 hrs. 
S. enteritidis  endotoxin, 50/~g 
S. enteritidis  endotoxin, 50 #g 
+  same 14 hrs. later 
35 mm Hg, 3 hrs. 
100/zg epinephrine (i.d.) 
100/zg  epinephrine  (i.d.) +  5 /zg  S. 
entedtidis  endotoxin (i.v.) 
0/16 
4/5 
0/4 
0/6 
3/4 
* Introduced 14 to 18 hours after priming. 
:~ Hypotension induced by hemorrhage. 
Six rabbits were subjected to this degree  of hemorrhagic shock.  Following blood 
replacement, the neck incisions were  dosed and the rabbits returned to their cages. 
Some 18 hours later, the 5 survivors were given an intravenous injection  of 50 #g of 
S.  enter~idis  endotoxin. 1 of  the animals died overnight and the remaining 4  were 
sacrificed.  None of  the animals showed  either gross  or microscopic evidence for the 
GSR (Table II). 
To test whether these animals were refractory to the GSR, the following  experi- 
ment was  done:-- 
A comparable set of 6 rabbits was subjected to hemorrhagic shock (2 hours at 40 
mm Hg) and 18 hours later were given 50 #g S.  enteritidis  endotoxin intravenously. 
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later and in 4 out of 5 cases showed the usual bicorfical necrosis and fibrinoid deposi- 
tion in  the kidney characteristic of the  GSR. 
2.  Dermal  Shwartzrnan Reaction.--Evidence  for  the presence  of circulating endo- 
toxin during shock was sought by attempting to produce a  hemorrhagic reaction in 
the skin. Two methods were used. Skin sites were prepared in 4 rabbits for provoca- 
tion by the injection of 100 #g of S. enteritidis endotoxin intradermally and  12 to 18 
hours later shock was induced in  these animals by hemorrhage  (3  hours at 35  mm 
Hg). In a  second series of 6 rabbits, epinephrine (100/zg intradermally) was instilled 
into the skin at the time of induction of shock (2 rabbits), at the end of the period of 
hypotension (2 rabbits), and after blood replacement. It was anticipated that in the 
event  1 or more #g of endotoxin were released into the circulation, that a  positive 
hemorrhagic reaction would result. Although the rabbits survived at least for from 5 
to 18 hours, none of the skin sites developed local hemorrhage. They remained ischemic 
and eventually formed loci of necrosis. 
As a  control, the effect of the shock episode on the ensuing reaction was tested by 
subjecting 4 rabbits to the same degree of hypotension and injecting 10/zg of endo- 
toxin intravenously 2 hours after 100/zg of epinephrine had been instilled into several 
skin  sites  (Table II). Out  of a  total of  12  sites, 7  showed  a  positive hemorrhagic, 
diffuse lesion identical with that encountered in normal controls. 
These experiments are open to criticism on the basis that much higher concentra- 
tions of endotoxin are needed to elicit a  GSR than were present in the blood of the 
shocked  animal.  We  therefore  turned  to  passive  transfer  experiments where  large 
amounts  of blood could be used in  an  attempt  to  reproduce the  biologic effects of 
bacterial endotoxemia. 
III. Passive Transfer Experiments 
1.  Generalized Shwartzman  Reaction.--The  GSR involves two separate phases--an 
initial prlm~ng reaction and  a  subsequent  provoking stimulus some  12  to  16  hours 
later. There  are  three possible alternatives in  this  context for  testing  shock blood 
samples for the presence of endotoxic material: (a) use blood to provoke a  reaction 
in an animal primed with endotoxin, (b)  use blood both to prime and to provoke a 
systemic reaction, and (c) prime rabbit with blood and provoke a  systemic response 
with endotoxin. 
All three situations were examined and the data are indicated in Table III. In no 
instance was it possible to replace the endotoxin stimulus by a blood sample obtained 
from a  donor in  the irreversible phase of hemorrhagic shock. 
2.  Dermal  Shwartzman  Reaction.--The  classical  hemorrhagic  reaction  produced 
in  the skin by two doses of endotoxin--one intradermal and a  second systemically 
about  12  to  16 hours later--is reasonably specific for bacterial endotoxin, although 
the reaction can be provoked by a  number of other stimuli (9).  Preparation of the 
skin site is much more specific and usually requires from  10  to 50/zg of a  lipopoly- 
saccharide extract.  Since only a  small volume  (0.2  ml  to  0.4 ml)  is used for such 
purposes,  it was  doubtful  whether  sufficient endotoxin would  be  present  in  small 
amounts of shock blood or plasma. Nonetheless, several such experiments were con- 
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hours later 100/~g of S. enteritidis endotoxin given intravenously.  No positive reactions 
were obtained in 4  rabbits. 
The converse situation was also examined: intradermal preparation with 100/zg of 
S. enter/t/~//s endotoxin and 20 to 25 ml of whole blood from each of 6 donors in ir- 
reversible shock.  Here again, in a total of 24 test sites, hemorrhagic necrosis failed to 
develop. 
TABLE III 
Production of Generalized Skwart~man Reaction witk Blood from Skocked Donors* 
No. o~ 
rabbits 
12 
6 
6 
8 
Priming factor (i.v.) 
S. enteritidis endo- 
toxin 
S. enterilldis 
Shock blood 
Shock blood 
Amount 
1(30/zg 
I(30 #g 
25 ml 
25 ml 
Provoking stimulus~: 
(1.v.) 
S. enter~/d~endo- 
toxin 
Shock blood 
S. enteritid~ endo- 
toxin 
Shock blood 
Amount 
I00/zg 
25 ml 
100 #g 
25 ml 
GSR§ 
9/12 
0/6 
0/6 
0/8 
* Exposed to hypotension  (35 mm Hg) for 2 hours. Blood replaced and heparinized test 
sample drawn 2 hours later. 
t Provoking stimulus 12 to 16 hours after initial  priming  injection. 
§ Hemorrhage-primed recipients. 
TABLE IV 
Susceptibility of Hemorrhage-Primed Rabbi2s to Bacterial Endotoxin 
Dose (i.v.) 
~g 
10 
15 
20 
25 
45 
Lethality* 
O/4 
0/4 
2/4 
1/2 
3/4 
* Survival at 24 hours of rabbits which had been kept at a B.P. of 40 mm Hg for 1 hour. 
Endotoxin (S. enteritidis) was added to blood used in replacement. 
3.  Susceptibility  of Prepared  Rabbits  to  Bacterial  Endotoxin.--The  failure of  the 
blood transfer experiments to evoke the reactions associated with the dassical Shwartz- 
man phenomenon, despite the fact that such blood samples were lethal to prepared 
recipients, led us to  examine the precise  level of susceptibility of  the recipients to 
bacterial endotoxin. By  this means we  could arrive at  the  order  of  magnitude of 
endotoxin which should be present in blood samples taken from shocked donors in 
order to account for their lethality in test recipients. In a  series  of 20 tests (Table 
IV) it was found that animals maintained at 40 mm Hg for 1 hour could be killed 
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replacement therapy. When 10 to  15 #g of endotoxin were given, all of the prepared 
rabbits survived. 
Inasmuch as 20 ml of blood were used in our passive transfer tests for lethality, 
such samples could therefore be assumed to contain a  minimum of 20/~g in all, or 1 
gg of endotoxin/ml. The only other explanation would be that the lethal properties 
of the shock blood were not due to the endotoxin per se. 
4.  Epinephrine-Endotoxin  Dermal Reaction.--Thomas  (6) has reported and we have 
verified the fact that the intradermal injection of 100 #g of epinephrine led to hemor- 
rhagic necrosis when as little as 0.5 to 5 #g of endotoxin were injected intravenously. 
It thus seemed reasonable to assume that in animals prepared by exposure to hemor- 
rhagic hypotension, the intradermal injection of epinephrine should elicit a  positive 
dermal reaction if in fact endotoxin was circulating in the blood in amounts sufficient 
to  kill  prepared  recipients. 
TABLE V 
Hemorrhagic Reaction in Epinephrine-Treated Skin Sites 
Normal controls 
Group A (35 mm Hg, 3 hrs.) 
Group A +  5 #g S. enteritidis 
Group B  (40 mm Hg, 2 hrs.) 
Hemorrhage-primed recipients* 
Lethality$ 
5/6 
0/4 
Positive skin 
reactions§ 
0/24 
5/6 
0/16 
* Test recipients maintained for 1 hour at 40 mm Hg and transfused (transfusion contained 
20 ml of shock blood). 
:~ 24 hour survival. 
§ 100#g epinephrine  (i.d.) at time of blood replacement. 
In the accompanying Table V  a  comparison is made of the effectiveness of blood 
taken from donors at various stages of the shock reaction with respect to lethality 
and the capacity to induce a positive skin reaction with epinephrine. As indicated in 
group A, although  5  out of 6  recipients died following passive transfer of 20  ml of 
shock blood, none of these animals exhibited a positive reaction in  12 skin sites pre- 
pared with 100/2g of epinephrine. The animals survived at least from 8 to 20 hours, a 
period sufficient for the development of a positive skin reaction. 
There still remained the possibility that hemorrhage-primed recipients might not 
be susceptible to the dermal hemorrhage, although they were quite sensitive to the 
lethal properties of the blood. To test this, 5/zg of endotoxin was added to each of 
the blood samples before injection. Positive skin reactions were obtained in 5 out of 
6  sites instilled locally with  100/zg of epinephrine. 
To  rule  out  any  possibility that we  were  dealing with  some  inhibitor in  shock 
blood which prevented the dermal skin reaction, one final modification was carried 
out. These experiments were identical in all respects with the passive transfer experi- 
ments with blood from donors in  the irreversible phase  of hemorrhagic shock, with 
the exception that  1.0 #g of S.  enteritidis  endotoxin was added to the blood sample 
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In all,  7 normal recipients were given 100 #g of epinephrine into several skin sites 
and shortly thereafter each received l0 ml of shock blood harvested from 4 animals 
containing 1 #g of S. enterit/d/s  endotoxin. In every instance (7/7)  a positive hemor- 
rhagic reaction developed overnight. As before, the shock blood samples a/tree were 
not able to provoke a  hemorrhagic reaction in epinephrine-prepared  skin sites  (0/7). 
Group  B  represents  animals  which  were used  as  blood  donors after  a  normally 
reversible shock episode.  As seen in Table IV, none of the primed recipients died when 
given 20 ml of such blood and none of the epinephrine sites showed a positive reaction. 
IV.  Blood From Donors Receiving Bacterial Endotoxin 
An attempt was then made to determine whether the intradermal epinephrine assay 
could be used to demonstrate the presence of an active principle when endotoxin was 
known to be involved. Two types of experiments were carried out. 
TABLE VI 
Passive Transfer of Blood  fiom Rabbils Receiving Bac~,rial Endotoxin 
Test recipient* 
Blood donors 
Lethality  Positive skin sites 
100#g E. coli endotomn +  40 mm Hg, 1 hour  0/10  7/8 
150 #g E. coli endotoxin  0/6  0/6 
* Received 20 ml blood i.v. 
In the first,  10 rabbits were given 100 #g E. coli endotoxin intravenously.  1 hour 
was allowed to elapse in order for endotoxin to be cleared from the blood stream. The 
animals  were then subjected  to a  period  of hemorrhagic hypotension which is  nor- 
maUy not lethal (40 mm Hg for 1 hour). 2 hours after blood replacement, blood sam- 
ples were drawn for testing. The blood (20 ml) was not lethol to 10 primed recipients. 
However, epinephrine-injected  skin  sites  showed a  positive hemorrhagic effect in  7 
out of 8 tests (Table VI). Similar skin tests were carried out in normal recipients and 
here also 4 out of 6 test sites showed a positive reaction. 
In another set of experiments,  6 rabbits were given 150 #g of E. co//lipopolysac- 
charide intravenously in order to produce an acutely lethal endotoxemia. Such amounts 
of endotoxin are lethal  to 40 to 50 per cent of the rabbits  in 8  to  10 hours.  Blood 
specimens which were removed at  10, 20,  and 30 minutes  gave a  positive reaction 
in the epinephrine skin model. Subsequently, and up to the point of death, the blood 
specimens were negative in the epinephrine skin test. Blood taken when the animals 
were obviously ill  (3 to 5 hours after challenge) did not kill primed recipients upon 
passive transfer. 
DISCUSSION 
We  have  been  unable  by  biologic means  to  demonstrate  the  presence  of 
endotoxin in the blood of animals in severe hemorrhagic shock. Blood samples 
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generalized Shwartzman reaction, the dermal Shwartzman phenomenon, or the 
accelerated hemorrhagic skin reaction involving epinephrine. Negative results 
were obtained despite the fact that such blood samples were capable of killing 
primed recipients. 
Several key experiments lead to the inescapable conclusion that the factor 
responsible for the lethal properties of "shock" blood cannot be bacterial endo- 
toxin. 
In  passive  transfer  experiments,  a  dermal  epinephrine  reaction  could  be 
produced in test rabbits when as little as 0.1/~g/ml of lipopolysaccharide was 
added to blood samples from shocked donors. These same blood samples in 10 
ml amounts without the  addition of endotoxin, were ineffective in provoking 
a  )ermal reaction, but were lethal to hemorrhage-primed recipients. In tests 
desig'aed  to  establish  the  sensitivity of such recipients  it was  found that a 
minimum of 20/zg of polysaccharide was needed to yield an LDs0 effect. This 
amount of endotoxin (2  izg/ml)  is 20  times greater than the  threshold dose 
for producing a  dermal epinephrine reaction. The  lethal effect of the  shock 
blood cannot therefore be due to bacterial endotoxin per se. 
The only other alternative would be that the hemorrhage-primed recipient 
is susceptible  to endogenously formed endotoxin and not to exogenous lipo- 
polysaccharide. This possibility is disproved by the fact that rabbits given S. 
enteritidis endotoxin and subjected to hemorrhagic shock, release an endogenous 
factor into the circulation which is capable of eliciting a  dermal epinephrine 
reaction in the skin but is not lethal to test recipients. Again, the conclusion is 
warranted that the two effects--dermal hemorrhage and lethality--are the re- 
sult of different factors. 
Obviously, the validity of the data will depend upon the adequacy of the 
tests used to identify endotoxic material. Of the experiments cited, those deal- 
ing with the epinephrine-mediated dermal reaction would appear to be most 
convincing. The test system, as used, will react with as little as 0.5  to 1.0/zg 
of bacterial lipopolysaccharide introduced into the blood stream of a  1.5  to 
2.0 kg rabbit.  The skin reaction was produced with equal facility in normal 
and  in  hemorrhage-primed  recipients  and  could  be  elicited  irrespective  of 
whether the endotoxin was injected directly or mixed with the blood used for 
replacement. 
Estimates made by Ravin, Rowley, et a/. (10)  on the basis of fractionation 
procedures and hemagglutination tests led them to suspect that shocked blood 
contains from 1 to 2 #g of endotoxin/ml. How then can we reconcile these two 
sets  of  observations?  Since  the  estimations  of  endotoxic activity by  these 
workers were based upon immunological criteria and not upon biologic activity, 
there is a possibility that the material demonstrated by this means is biologi- 
caUy inert. 
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genesis of shock since a  toxic factor may arise secondary to endotoxemia. Our 
passive  transfer  experiments  with  blood  from  donors  suffering  from  acute 
endotoxic shock  do not provide evidence for such a  factor since  the  bloods 
were uniformly non-lethal when injected into primed recipients used routinely 
as test animals. 
There is little doubt that endotoxic material can be released into the blood 
stream during shock under the proper circumstances.  Our  experiments with 
hemorrhagic shock in animals which had received S.  enteritidis  endotoxin prior 
to  the  shock  episode  dearly  demonstrate  this  point.  The  data  incidentally 
substantiate the validity of the epinephrine test reaction as a means of detect- 
ing circulating toxins of this kind. 
To date, we have used two separate approaches in an attempt to identify 
an endotoxic component of hemorrhagic shock. In a previous report (11), using 
histological indices of endotoxic activity--the development of the generalized 
Shwartzman  reaction--the data were unequivocally negative.  The  study re- 
ported herein,  using  several biological phenomena characteristic of bacterial 
endotoxins,  likewise  cannot  be  construed to  support  an  endotoxic factor in 
shock. The positive data of Fine and coworkers (1) in this regard must there- 
fore be carefully evaluated in terms of mechanisms other than a  direct effect 
attributable to overwhelming endotoxemia. 
SI.rM~Ry 
A series of biological test reactions was  used in order to  establish the pres- 
ence of bacterial endotoxins in the blood of rabbits during the progression of 
hemorrhagic shock. 
1. When the shocked animal was used as the test object, it was not possible 
to induce either the generalized Shwartzman reaction or the  dermal Shwartz- 
man phenomenon with exogenous endotoxin (S. enteritidis  or E.  coli)  as one of 
the two provocative factors. 
2.  Epinephrine  instilled  into  the  skin  of rabbits  either before,  during,  or 
after an episode of hemorrhagic shock did not result in the hemorrhagic skin 
reaction which occurs in the presence of as little as  1/zg of endotoxin intra- 
venously. 
3.  Passive transfer from a  donor in the irreversible phase of shock of 20 to 
25  ml of blood into a  primed  recipient (B.P. at 40 mm Hg for 1 hour) was 
uniformly lethal. 
4.  Similar  amounts of blood from such  shocked  donor failed upon  intra- 
venous injection to elicit a protective hemorrhagic reaction in skin sites which 
were infiltrated with 100/~g of epinephrine. In the same  animals 1/zg of endo- 
toxin added to the blood samples caused a positive dermal response. 
5. Blood was taken from rabbits which had been pretreated with S. enteritidis 
endotoxin and then subjected to hemorrhagic shock (35 mm Hg for 2 hours). 204  ENDOTOXIC  ACTIVITY  OF  SHOCK  BLOOD 
Such samples upon passive  transfer produced positive skin reactions in  epi- 
nephrine sites but were not lethal to the primed test recipient used in these 
studies. 
It is concluded that the contribution of bacterial endotoxemia to the genesis 
of hemorrhagic shock remains to be determined. 
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